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+HSDWRF\WHVDQGHQGRWKHOLDOFHOOVWRJHWKHUDFFRXQWIRUPRUHWKDQRIWKHOLYHUPDVV)RUWKH
ILUVW WLPH OLYHU RUJDQRW\SLF PHPEUDQH V\VWHPV E\ XVLQJ V\QWKHWLF DQG ELRGHJUDGDEOH
PHPEUDQHV ZLWK SULPDU\ KXPDQ KHSDWRF\WHV DQG KXPDQ XPELOLFDO YHLQ HQGRWKHOLDO FHOOV
+89(& KDYH EHHQGHYHORSHG 7KH UHDOL]DWLRQ RI WKHVH V\VWHPVZDVDLPHG WR REWDLQ DQ LQ
YLWURSK\VLRORJLFDOPRGHO IRUGUXJ WHVWLQJDQG IRUVWXG\LQJRIPHWDEROLFGLVHDVHDVZHOODV IRU
WKHUDSHXWLFDSSOLFDWLRQV
0DWHULDOVDQG0HWKRGV
6\QWKHWLF PHPEUDQHV SUHSDUHG E\ D SRO\PHULF EOHQG FRQVWLWXWHG RI PRGLILHG
SRO\HWKHUHWKHUNHWRQH 3((.:& DQG SRO\XUHWKDQH 38 DQG ELRGHJUDGDEOH FKLWRVDQ
PHPEUDQHV ZHUH GHYHORSHG E\ SKDVH LQYHUVLRQ WHFKQLTXH >@ DQG XVHG LQ KRPRW\SLF DQG
RUJDQRW\SLF FXOWXUH V\VWHPV7KHPRUSKRORJLFDO SK\VLFRFKHPLFDO DQGPHFKDQLFDO SURSHUWLHV
RI WKH PHPEUDQHV ZHUH FKDUDFWHUL]HG EHIRUH WR XVH LQ FRQWDFW ZLWK FHOOV 3ULPDU\ KXPDQ
KHSDWRF\WHV LVRODWHG IURP QRQWUDQVSODQWDEOH WLVVXH WRJHWKHU ZLWK +XPDQ 8PELOLFDO 9HLQ
(QGRWKHOLDO&HOOV+89(&VZHUHXVHGIRUFHOOFXOWXUHH[SHULPHQWV LQPHPEUDQHV\VWHP&HOO
PRUSKRORJ\ RQ DOO LQYHVWLJDWHG VXEVWUDWHV ZDV REVHUYHG E\ /DVHU &RQIRFDO 6FDQQLQJ
0LFURVFRS\ /&60 DIWHU  DQG  GD\V RI FXOWXUH E\ F\WRVNHOHWRQ JO\FRSURWHLQ &' DQG
H[WUDFHOOXODU PDWUL[ (&0 SURWHLQ LPPXQRVWDLQLQJ $OEXPLQ DQG XUHD V\QWKHVLV RI KXPDQ
KHSDWRF\WHV LQ KRPRW\SLF DQG RUJDQRW\SLF FRFXOWXUH V\VWHPV ZHUH HYDOXDWHG IRU WKH ZKROH
FXOWXUHWLPHWRJHWKHUZLWKWKHELRWUDQVIRUPDWLRQIXQFWLRQVE\XVLQJGLD]HSDP>@
5HVXOWVDQG'LVFXVVLRQ
7KH FKLWRVDQ PHPEUDQH KDV D ORZO\ SRURXV VWUXFWXUH DQG D WKLFNQHVV RI  P
'LIIHUHQWO\WKH3((.:&38PHPEUDQHKDVDYHU\SRURXVVXUIDFHZLWKDPHDQSRUHVL]HRI
PDQGDWKLFNQHVVRIP7KLVPHPEUDQHKDVDPRGHUDWHZHWWDELOLW\ZLWKDZDWHU
FRQWDFWDQJOH:&$RIZKLOHWKHFKLWRVDQPHPEUDQHGLVSOD\VDPRUHK\GURSKLOLFFKDUDFWHU
ZLWKD:&$RIDQG LVELRGHJUDGDEOHZLWKDGLVVROXWLRQGHJUHHRIDIWHUKRXUV
0HPEUDQHV H[KLELW GLIIHUHQW PHFKDQLFDO SURSHUWLHV LQ IDFW FKLWRVDQ PHPEUDQH VKRZV DQ
DYHUDJH<RXQJ¶VPRGXOXV(DQGD WHQVLOHVWUHQJWK5PVLJQLILFDQWO\KLJKHUZLWK UHVSHFW WR WKH
3((.:&38PHPEUDQHDVDUHVXOWRILWVPHFKDQLFDOVWLIIQHVVSURSHUW\
7KH PRUSKRORJLFDO DQG IXQFWLRQDO FKDUDFWHULVWLFV RI FHOOV LQ WKH RUJDQRW\SLF FRFXOWXUH
PHPEUDQH V\VWHPV ZHUH HYDOXDWHG LQ FRPSDULVRQ ZLWK KRPRW\SLF FXOWXUHV DQG WUDGLWLRQDO
V\VWHP DV SRO\VW\UHQH FXOWXUH GLVKHV 36&' %RWKPHPEUDQHV DVZHOO DV 36&' VXSSRUWHG
SURSHU+89(&VDWWDFKPHQWDQGJURZWKSUHVHUYLQJHQGRWKHOLDOFHOOVSHFLILFFREEOHVWRQHVKDSH
DVZHOODVIDYRXULQJDUHDZLWKWKHIRUPDWLRQRIULQJOLNHDQGWXEHOLNHVWUXFWXUHV,QSDUWLFXODUD
KLJK GHJUHH RI DGKHVLRQ ZDV UHDFKHG E\ +89(&V FXOWXUHG RQ FKLWRVDQPHPEUDQHV )LJ
7KHQ+89(&V GLIIHUHQWLDWHG LQ HORQJDWHG FHOOV WKDW GHOLQHDWH WXEHOLNH VWUXFWXUHVZKRVH VL]H
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YDU\RQ WKHGLIIHUHQWVXEVWUDWHV)LJ2UJDQRW\SLFFRFXOWXUHV\VWHPVZHUHUHDOL]HGVHHGLQJ
SULPDU\KXPDQKHSDWRF\WHVRQD FRQIOXHQWPRQROD\HURI+89(&VFXOWXUHGRQ3((.:&38
DQG FKLWRVDQPHPEUDQHV DV ZHOO DV RQ36&'+HSDWRF\WHV DQG+89(&V DSSHDUHG LQ WKHLU
W\SLFDO PRUSKRORJ\ ZLWK D SRO\KHGUDO DQG DQ HORQJDWHG VKDSH UHVSHFWLYHO\ 6XFFHVVLYHO\
QXPHURXV KHWHURW\SLF FHOOFHOO LQWHUDFWLRQV DQG D KRPRJHQHRXV GLVWULEXWLRQ RI FHOOV LQ WLJKW
FRQWDFW ZHUH REVHUYHG )LJ  VKRZV WKH KHWHURW\SLF LQWHUDFWLRQV EHWZHHQ KHSDWRF\WHV DQG
+89(&VLQWKHPHPEUDQHV\VWHPVDQG36&',QDGGLWLRQ+89(&VIRUPHGWXEHOLNHVWUXFWXUHV
GLUHFWO\WKURXJKWKHLQWHUDFWLRQVZLWKWKHPHPEUDQHVDQGKHSDWRF\WHVDQGLQGLUHFWO\WKURXJKWKH
VHFUHWLRQ RI(&0SURWHLQVZKLFK VHFUHWLRQ LPSURYHG LQ WKH RUJDQRW\SLF FRFXOWXUHPHPEUDQH
V\VWHPV 7KH PHFKDQLFDO SURSHUWLHV RI WKH PHPEUDQHV VHHPV WR EH HVVHQWLDO WR SURPRWH
FDSLOODU\OLNH VWUXFWXUH IRUPDWLRQ :H IRXQG WKDW WXEHOLNH VWUXFWXUHV ZHUH IRUPHG ZLWK KLJK
DYHUDJH OHQJWKVQRWRQO\RQFKLWRVDQPHPEUDQHZLWKHQKDQFHG WHQVLOHPRGXOXVDQGVWUHQJWK
EXW DOVR RQ 3((.:&38 PHPEUDQH GHVSLWH LWV ORZ <RXQJ¶V PRGXOXV ,Q DGGLWLRQ WR WKH
PHPEUDQHVWLIIQHVV WKHPHPEUDQHSRURVLW\ DV LQ WKHFDVHRI3((.:&38PD\DIIHFWFHOO
EHKDYLRXU DQG DWWDFKPHQW SURYLGLQJ DQ DOWHUQDWLYH PHFKDQLVP IRU UHJXODWLQJ WKH SURFHVV RI
WXEHOLNH IRUPDWLRQ 7KH KHWHURW\SLF FHOOFHOO FRQWDFWV DUH LPSRUWDQW IDFWRUV IRU KHSDWRFHOOXODU
SRODULW\DQGRUJDQL]DWLRQDVGHPRQVWUDWHGE\WKHHQKDQFHPHQWRIOLYHUVSHFLILFIXQFWLRQVLQWKH
RUJDQRW\SLF PHPEUDQH V\VWHPV 7KH FRQWDFW RI KHSDWRF\WHV ZLWK +89(&V DSSHDUHG WR
VWLPXODWH WKHDOEXPLQSURGXFWLRQDQGXUHDVHFUHWLRQ WKDWDUHPDLQWDLQHGDWKLJK OHYHOV IRU WKH
ZKROHFXOWXUHWLPHLQWKHRUJDQRW\SLFPHPEUDQHV\VWHPVZLWKUHVSHFWWRKRPRW\SLFRQHV'UXJ
ELRWUDQVIRUPDWLRQ DFWLYLW\ ZKLFK LV DQRWKHU FULWLFDO IXQFWLRQ RI KHSDWRF\WHV ZDV PRQLWRUHG
WKURXJKWKHHOLPLQDWLRQRIGLD]HSDPDQGWKHIRUPDWLRQRI LWVPHWDEROLWHVSURGXFHGWKURXJKWKH
SKDVH , UHDFWLRQV FDWDO\]HG E\ F\WRFKURPH 3 HQ]\PDWLF V\VWHP ,Q YLYR LQ KXPDQV WKH
GLD]HSDP LVPHWDEROL]HG LQ WHPD]HSDP WKURXJKK\GUR[\ODWLRQ UHDFWLRQDQG LQQRUGLD]HSDP
WURXJK 1GHPHWK\ODWLRQ UHDFWLRQ 7KHVH PHWDEROLWHV DUH WKHQ 1GHPHWK\ODWHG DQG 
K\GUR[\ODWHG UHVSHFWLYHO\ WR WKH ILQDO PHWDEROLWH R[D]HSDP ,Q WKH RUJDQRW\SLF PHPEUDQH
V\VWHPV ZH IRXQG D VLJQLILFDQW LQFUHDVH LQ WKH IRUPDWLRQ UDWHV RI DOO WKUHH PHWDEROLWHV LQ
FRPSDULVRQWRWKHKRPRW\SLFFXOWXUHVHVSHFLDOO\WHPD]HSDPDQGQRUGLD]HSDPDUHSURGXFHGWR
D ODUJH H[WHQW ZLWK UHVSHFW WR R[D]HSDP 7KH VWURQJ LQFUHDVH RI GLD]HSDP PHWDEROLWHV
SURGXFHG E\ FHOOV LQ RUJDQRW\SLFPHPEUDQH FRFXOWXUH V\VWHP LV GXH WR FHOOFHOO FRRSHUDWLRQ
LQGXFHG E\ PHPEUDQH EHWZHHQ HQGRWKHOLDO FHOOV DQG KHSDWRF\WHV DQG IDFWRUV VHFUHWHG E\
HQGRWKHOLDO FHOOV WKDW KDYH D GLUHFW HIIHFW RQ ELRWUDQVIRUPDWLRQ SDWKZD\ 7KH GHYHORSHG
RUJDQRW\SLFPHPEUDQHV\VWHPVHOLFLWOLYHUVSHFLILFIXQFWLRQVLQYLWURDQGFRXOGEHDSSOLHGIRUWKH
UHDOL]DWLRQRIHQJLQHHUHGOLYHUWLVVXHVWREHXVHGLQWLVVXHHQJLQHHULQJGUXJPHWDEROLVPVWXGLHV
DQGELRDUWLILFLDOOLYHUGHYLFHV
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)LJ /6&0 LPDJHV RI SULPDU\ KXPDQ KHSDWRF\WHV DQG +89(&V LQ WKH RUJDQRW\SLF FR
FXOWXUHV\VWHPVRQFKLWRVDQ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DQG3((.:&38PHPEUDQHVDQGRQ36&'DIWHUGD\VRI
FXOWXUH&HOOVZHUHVWDLQHGIRUWKHF\WRVNHOHWRQSURWHLQDFWLQJUHHQDQGQXFOHLEOXH+89(&V
ZHUHLGHQWLILHGIRUWKHVWDLQLQJRIWKHFHOODGKHVLRQUHFHSWRU&'UHG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


5HIHUHQFHV

 'ULROL('H%DUWROR/$UWLI2UJDQV
 6 6DOHUQR & &DPSDQD 6 0RUHOOL ( 'ULROL / 'H %DUWROR %LRPDWHULDOV  

 'H%DUWROR/0RUHOOL6*DOOR0&&DPSDQD&6WDWWL*5HQGH0HWDO%LRPDWHULDOV

 'H%DUWROR/6DOHUQR6&XUFLR(3LVFLRQHUL$5HQGH00RUHOOL6HWDO%LRPDWHULDOV

 6DOHUQR 6 3LVFLRQHUL $ /DHUD 6 0RUHOOL 6 )DYLD 3 %DGHU $ HW DO %LRPDWHULDOV

 3LVFLRQHUL $ &DPSDQD & 6DOHUQR 6 0RUHOOL 6 %DGHU $ *LRUGDQR ) HW DO $FWD
%LRPDWHULDOLD±
.H\ZRUGV/LYHUWLVVXHHQJLQHHULQJPHPEUDQHVKXPDOKHSDWRF\WHVKXPDQHQGRWKHOLDOFHOOV


